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TABLE 2.1

MONTHLY MEAN HEIGHT VERSUS PRESSURE LEVELS ABOVE

International Falls, Minnesota
(Elevation 360 meters). Period of
Record Jan 1945-Dec 1955

AVERAGE HEIGHT G.P.M.*
"~8 MAY OCT

5" en

1000 1!1

"0 S41

.,0 UIII

~ I"'
no nu
700 2&lST

6'0 )419

"'4

1861

2876

tllJ 912

1'9 127

~, 5U

Im4 1V22

2)71 24'6

2.9~ 2968

'~6)' 3~46

flll

114

1461

19~J

2471

J020

3007

no
91

14lJ

10n

)062

III

1019

2S!>4

'114

37H

1021

UIC

zon

.J116

1006

14110

1977

u.
Ul

19~O

tin e 91,1 ~

,114 ~ lU "

512 ti ).4.0 II

fiSt i 1~1 ,

140~ i 1J~0"

,600 400) 402' 40~0 4149 4222 42111 4)5) 40e~ Q 4027 0

SSO 4641

600'

4693 lotiOS

bUl 6269

'1'>942 ..,o~

..8IU~

7222

4066 40'2

~16

7322

4888

7227

~JO II ~ns,

(
6104 II biOS II

1016 II boll 'V

uO 1172 '802 8300 '401 lv2e '" 78U il

10145" 1000) g

11587 9 1143& 9

1244' 9 12291 1/

1341J 8 ,~3291 e

lUl!>4

12107

~1l2U

lo-c.U10s.42

1283811002

12l4t1

106ft)6

}4006

.10115

lU69

1)02'6

1)8bO

: 936'

105111

i20a

bB14

111911

10)98

12'491 9 12616

1U>41 11829

10028 10220

IH14 9 11459

12276 9 12)11

, .8eu

9984

~oo .nD.-'

200

11~

12~ 14461' 1.....~1 II 1451!> II 1 .. toS9 e 14828 15028 151U nus ',14961., 14814. 14'62" 1447» '.

JOO' Uoo2 1 U8B), 1~'il42'" 1C>09S e 16280 II 1~!>9 9 16!l72 9 16!>4~ 0 16ll!> II 162J8 II 1599) e. 1!>81l~ 7

eo 11301 6 _1129' 6 113~1!> 11'17 e 11bVIl 6 11862 7 l1wQO 1 11g~4 6 177'2!> 17618 6 1140B 6 17~44 1

6C Jgl~7 5 19120' 19171!> 19})) 4 1V~27 6 19118 b 1982)!> 19792 5 19617 ~ 19428 ~ 19229 6 19166 5

,0 20315 5 20J28 ~ 20)44 ~ 20~oo 4 200}!> 6 20879 6 20~W!> 20966!> 2079)!> 20!>7~!> 20)99 6 20'~ J

~o

,0

*Geopotential peight, measured in geopotential meters (G.P.M.), is
virtually identical to geometric height.

a Pressure in "millions



Table 2.2

Extreme heights and Standard Deviation of heights versus Pressure
Levels above International Falls, Minnesota (elevation 360 meters).
Period of Record Jan. 1945-Dec. 1955.

Pressure Extreme Heights "it:

Level (mb)
~. PEP\ ... ,11

~ ~ ~ oM. AUG 5fP 00 way ~

.'0 MAX 770 ''''0 7eo 700 110 6-40 6ao eeo no 710 110 710
loll III ", '60 3~ "0 2JO ) IX) 190 410 370 300 )10 280

1"0 f4AI not> 1'19 16)0 1~~1I 1,1l9 1,}9~ 1617 1 (109 1~1~ 1~94 1~<n 1'~1
MIN 111;/1 11)0 1218 10'31l 1139 D21 13" llH 1264 121e 11 en 1142

100 MAl )0'1 '0" :n10 31M , III 7 '19fl )221 )229 '31411 '31&1 3140 '04'1
MIN 1MO 2691 76<a 217'1 1699 21lee 2061 200)4 2197 2770· 2t1tl" .. a66

'}oo ...... X 55t>9 .....'4 ~6n "He tll,}1l '}1l7tl 50n '945 '}OH ~'94 '}n? 5t1a
104 IN 4QIl8 '}Ole '}~ne ']77 "13 ~40 '5!>9 , ,}l~ ':Hl '2)6 '111 ~014

300 lolA I 14) 9132 9714 9493 9'}7l!l 9tHI, 91)0 91'" 96.\!I ~~O) 9409 9212
"'I" B)04 ~49 84''} Il~} ee98 eOtl4 9105 9091l 889" ee!!) 8499 fl40e

700 ~AI 11'7211 1117tl 11:l86 11139 12224 12)H 114fle 11~ao 12:H,7 11100 1<-0)9 11811
MIN 11031 11099 11011" 11138 114c~ 11~:5 1170~ 117)!> llH7 113M 11151 110U

1'0 )ull l)!>80 l1~t>e 1)714 131176 14011 141'8 14161 144'1 '14179 nO!>l 13'7'00 D63e
IoIIN 119,}7 17 0 4' 11916 1)01/0 IHl) 1l">117 1)618 D6!>2 1)"!!>'} 1323" 13011) 12Qoo

100 "'1<1 16211 16JI\0 161~1l le~l!1 16')} \660;,0 161~1 11'>700 16M' IMO'} H?57 16748
"fIN J~47e 1~526 1~64" l'}",e 16070 1lH99 le))1 16379 16102 1~tt'!l1 1,eeo 15£,9Q

STANDARD O~YJATl~S 01' HflGHn

~ fa ~ APfl MAY J~ JUl. ~ ~ QO l!QY QIC

950 72. 09 69 '15
,,, '2 .5 ., 6.2 64 76 '74

1l.,0 02 6. OS '8 ~6 '0 42 41 ,g 01 74 ~

lOO 6e II '711 13 '70 ,~ '0 40 n 71 ee H

'00 101 120 11e 116 101 '715 H '74 1\1 121 1~1 112

)00 1" 161 no 171 l,g 122 120 122 It1' tel 190 10-4

,0<> 1'l HI 1'1 Uti }411 110 BIl 1.' It11 174 17' 1'1

1'0 132 no 140 132 111 111 115 110 1U 1" l~o 141

100 IH U2 114 115 9' ee til n 11 '} 130 112 BO

*Geopotential height, measured in geopotential meters (G.P.}!.), is
virtually identical to geometric height.



Table 3.1

Monthly Averages of percent of possible sunshine and cloudiness, for the Copper-Nickel Study Area

Month
JAN FEB ~1AR APR MAY JUN JUL AUG SEP OCT NOV DEC

Percent

possible sunshine 46 57 59 53 55 58 67 61 50 42 33 40

%of sky clear Hr. 32 37 33 31 32 34 42 39 31 31 20 23
II at 00 36 38 34 34 40 42 51 51 40 36 25 27
II at 06 31 40 38 35 33 29 41 41 31 37 27 24
II at 12 26 27 28 26 26 30 38 34 26 27 11 15
II at 18 34 33 31 31 28 30 40 38 27 26 17 23

%of sky overcast 68 63 67 69 68 66 58 61 69 69 80 77
II at 00 64 62 66 66 60 58 49 49 60 64 75 73
II at 06 69 60 62 65 67 71 59 65 69 63 73 76
II at 12 74 73 72 74 74 70 62 66 74 73 89 85
II at 18 66 66 69 69 72 70 60 62 73 74 83 77



Table 4.1

Monthly mean, Mean minimum and Mean maximum temperatures for the

(oC)

Copper-Nickel Region sites.

Il£CE'HIEI.II0\"£MB!lOCTOIUSEPTEtlllEI\AUGUSTJULYJUNEHAYAPRILHARCHFE II RUAR'II~~~~~~~--r-=----c-+--~~~~~
oowmAnJ'OR111-12.21-7.1~17.31-1I.21-6.31-16.11-4.5f 0.11-9.2/2.0/6.41-2.51 8.1113.31 3.0/12.~17.71 6.8116.7123.1110.1115.9122.21 9.6114.0118.21 9.817.6111.71 ).41-1.)1 2.8/-5.4/-8.11-3.7H2.5

lEAVU IIAY 11-11.9/ -6.81-17.01-11.31 -6.41-16.21 -4.81 -0.21 -9.51 2.21 6.71 -2.21 9.01 13.91 4.1 112.81 17.51 6.01 15.81 21. 71 10.01 15.61 20.91 10.21 12.4(0 16 . 9 I 8.0 I 1.11 11.2 ( ).0 (-1.91 2.41 -5.8 I 1.71 -3.2 ~12.2

ctAlltIHAUIslI-11.7/-6.6H6.81-1I.J1-6.41-16.21-5.0/-0.41-9.7/ 2.61 7.11-1.819.5114.31 4.6111.51 17.4l 5.5115.5121.219.9115.4120.2110.5112.1116.317.91 6.9111.012.71-1.912.21-6.01-7.41-).01-11.8

BRIMS<.;N 11-15.51-10.21-20.81-13.4\ -7.91-18.81 -6.41 -1.21-11.6 1.4 7.21 -4.5\ 8.7115.1 2.31 13.21 19.4 7.1 17.01 23.4 10.6 15.41 21.8 9.0 I 10.4 16.7 4. I It. I I 10.21 -2.01 -4.8 0.11-9.9 12.31-7.2 rl7."

HEADO\lLAIlDslI-14.41 =9.IH9.7I-12.21 -6.81-17.71-5.51 -0.31-10.1 ).4 9.21 -2.51 10.91 17.) 4.5115.61 21.0 8.7 18.81 25.2 12.4 16.81 2).2 10.91 12.4 18.7 6. I .5.81 11.9 I -0.)/ -).7 1.21 -8.6
1

10.41 -5.)1-15.5

COTTo~~1I-14.71-9.71-20.01-12.61-1.21-18.11-5.61-0.4Ho.212.81 8.61-).1110.0116.41 ).6114.8121.01 8.7/18.6125.0112.2116.7123.111008111.9118.21 5.61 5.sII1.61-0.61-4.11 0.1I1-9.01-10.91-S.3I-1S.S

VIIITUACE REsuvoull-IS.11 -9.81-20.41-13.01 -7.91-18.51 -S.81 -0.61-10.41 2.51 8.31 -).41 9.7116.11 3.3114.4120.61 8.31 18.3124.5111.9116.41 22.81 10.0!.11.61 17.91 5.)1 5.2111.)1-0.91 -4.)1 0.61-9.11-11.)1-1>.2\-16.4

lSAIIELlAII-16.21-10.91-21.51-14.61 -9.11-20.01 -7.01 -1.81-12.21 0.71 6.51 -5.21 7.6114.0\ 1.2112.0118.11 5.BI 15.8121.21 9.4' 14.0120.41 7.61 9.41IS.7' ).11 ).21 9.31-2.9' -5.)1-0.4'-10.21-12.81 -7.71-11.9

HOYT UJ(Esll-15.61-10.)1-20.91-1).61 -8.21-19.11-5.71-0.51-10;)1 2.61 8.41 -3.3111.0117.41 4.6115.8121.91 9.6\ 18.)124.7111.9116.2122.61 9.8111.6117.91 5.)1 5.0111.11-1.11 -4.81 0.11 -9.71-11 91 -6.81-17.0

IAllBlTlII-16.01-10.71-21.31-14.01 -8.61-19.51 -5.51 -0.)1-10.31 1.)1 7.11 -4.61 9.71 16.11 ).3\ 14.0120.118.81 16.8123.2110.41 14.5120.91 8.11 10.6116.91 4.31 3.61 9.71-2.51 -5.11 -0.41-10.21-12.31 -7.21-17.4

WIllTO!III-15.21 -9.9/-20.51-1).61 -8.21-19.11 -5.51 -0.)1-10.11 2.01 7.81 -).91 10.II 16.51 3.7115.2121.41 9.11 18.5124.9112.11 16.0122.4' 9.6111.3117.61 5.01 4.5'10.,,, -1.1>1 -5.01-0.11-9.91-12.01 -6.91-17.1

T~nll-15.41-10.11-20.'I-J).21-7.81-18.71 -5.61 -0.41-10.21 2.61 8.41 -).)110.9117.)1 4.5115.2121.41 9.11 18.0124.4 1t1.6 115.5121.91 9.11 11.0117.31 4.71 4.9111.01-1.21 -4.)1 0.1>1 ·9.21-12.41 -7.)(-17.S

VllGINIAII-15.41-10.11-20.71-lJ.21 -7.81-18.71 -5.81 -0.61-10.4' 2.41 8.)1 -).4110.2116.61 ).8115.2121.)1 9·el 18.tI 24.5111.7115.7122.11 9.)111.)111.61 5.0' 5.0111.11-1.11 -4.)/ 0.1>/ -9.21-11.41 -6.)1-16.5

.nuxe ATRPORTII-IS.41-10.11-20.71-13.)1 -7.91-18.81 -5.81 -0.61-1\.01 2.71 8.51 -1.01 10.61 17.01 4.21 IS.41 21.61 9.1 18.7125.1112.3116.5 121.9 I 10.1111.8118.11 5.51 5.011\.11 -1.11 -4.)1 0.1>1-9.21-11.71 -6.61-16.8

H1Il8IS(.II-IS.41-10.11-20.71-13.21 -7.7(-11I.f,1 -5.81 -0.61-11.01 2.81 8.61 -).1110.6117.01 4.211S.21 21.31 9.Q 18.6125.0112.2116.41 22.8( 10.0111.81111.11 5.sl 5.0111.11-1.1 1-4.31 0.41 -9.41-11.91 -6.81-17.0

cnlNA T'JP.1I-15.11 -9.81-20.41-12.81 -7.4)-18.31 -4.31 0.91 -9.51 3.q 8.8/ -2.91 10.61 17.0/ 4.2/15.6/21.7/ 9 • ., 18.)124.7111.91 16.3122.71 9.91 10.7/17.01 4.41 s.o/ 11.11 -1.11 -4.)1 0.1>1 -9.21-1\.91 -6.81-17.0

CVJIIE I..AJ:E 11-15.91-10.61-21.21-12.81 -7·41-1s·)1 -4.71 0.51 -9.91 2."1 8.51 -1.21 10.71 17.11 4·JI 15.61 2l.71 9·1 18.71 25.11 12.31 16.4122.81 10.01 11.5117.81 5.21 s.ol 11.11 -.1.1 -4.51 0.41 -9.41-12.~1 -7.21-11.4

,



Table 4.2

Monthly ~lean temperatures versus Pressure Levels above Int~rnationa1

Falls, Minnesota (elevation 360 meters-mel).

January 1946-December 1955.

Period of Record,

f1R\!SSVRE. J6H---_.

II'C 16.1-

V50 l~.'"

'iOO h.?-

no 12.&-

eoo n.~

'uo 14.2-

700 16.~

.6!l0 U1.~

400 40.~

'~O .47.0­

)00 ~2.2-

150 54.'-

200 52."-

17S ,i ....-

150 51.~

I'2S: !>!.o-

100 /?4.6-

10 ~~.&-

&0 56.1-

50 57.2-

40

)0

rEe

12.&-

11.'-

11.7­

12. J-

13.1-

16.4-

21.1-

40.'-

52.1-

10.5-

12.1-

11.1-

20.2-

4.0 10.8

11.5- 7.0-

l~.o- IO.~

53.11,· 54.~

52.&- 53.6-

11.7-

17 ..1-

2).'-

48 • ..-

16.~

11.9

12.7

12.r

17.'7-

24.0-

n.o
12.6

10..4

7.'7

21.0-

27.2-

52.1-

.~-

30.2-

n.o-

'l.:t..

57.5-

'.7-

1S.6-

11.0-

36.'-

42.7-

52.9-

5'.~

54.e-

58.1-

12.9"

12.2-

).0.1-

12.6-

14.&-

20.7-

5'.1-

,4.e-



Table 4.3

Monthly extreme temperatures (oe.) and standard deviation of temperature versus pressure level
(millibars) above International Falls, Minnesota (WBO elevation 360 meters). Period of
Record, Jan. 1946-Dec. 1955.

.. Extreme Temperature

~1onth

Pressure Jan Feb ~'ar Apr f1ay Jun Jul Aug ~ Oct Nov Dec

950 :.tax 1 3 17 28 26 27 29 30 '25 24 14 5
Min 34- 31- 28- 18- 7- 3 7 8' 0 7- 22- 31-

850 Hax 10 5 13 20 19 20 21 24 23 21 12 8
Min 34- 30- 30- 23- 11- 2- 1 0 7- 14- 22- 28-

700 Max 1- 1- 1 6 9 11 13 15 11 9 2 1
~1in 33- 31- 30- 28- 19- 10- 7- "8- 18- 23- 31- 32-

500 f1ax 18- 18- 15- 12- .9- 6- 3- . 3- 7- 8- 12- 16-
~'in 45- 43- 42- 39- 35- 28- 22- 22- 31- 36- 41- 46-

300 Nax 41- 39- 43- 39- 36- 31- 30- 27- 31- 34- 37- 40-
Min 61- 63- 60- 61- 53- 53- 48~ 49- 54- 57- 58- 60-

·200 Max 39- 39- 43- 40- 42- 38- 41- 41- 41- 39-- 39- 40-
r~in 68- 68- 70- 66- 67- 62- 62- 61- 62- 66- 68- 66-

150 r·1ax 42- 41- 44- 44- 43- 44- 46- 47- 45- 44- 43- 42-
Min 65- 62- 62- 68- 69- 65- 68- 65- 68- 65- 54- 65-

100 Nax 48- 44- 47- 46- 45- 50- 50- 51- 48- 45- 47- 44-
Min 65- 64- 60- 60- 63- 65- 63- 65- 65- 64- 63- 71-

Standard Deviation

950 7.6 7.4 7.1 7.0 6.6 4.5 4.0 4.0 5.3 6.3 7.0 7.3
850 7.7 . 7.4 7.3 7.2 6.4 4.6 4.0 4.6 6. 1 7.2 7.4 7.2

700 6.5 6.3 6.4 6.0 5.3 4.2 4.0 4.1 5.6 6.4 6.5 6.5

500 5.5 5.5 5.5 5.2 4.8 3.8 3.5 3.5 4.5 5.3 5.8 5.5

300 3.5 3.5 2.9 3.. 6 3.5 3.7 3.7 3.7 3.7 3.6 3.4 3.4

200 5.3 5.9 5.2 5.9 6.0 4.7 3.9 . 3.6 4.7 5.2 5.5 5.5

150 4.0 4.2 3.4 4. 1 4.2 4.2 4.2 3.9 4~6 4.2 4. 1 4.2

100 3.1 4.2 3.0 3.2 2.9 3.1 3.2 3.2 3.3 3.4 3.5 3.7



Table 5.1 :~onthly i'lean Values of Re1ati ve Humi di ty for the Copper:"N; cke1 Study Reg; on
Period of Record, 1921-1976

(%)

JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC

HOUR

0600 79 79 80 78 77. 84 89 89 91 89 86 81

1200 67 67 65 58 52 58 60 61 65 62 71 74

1800 68 67 64 57 50 56 59 61 67 65 75 76

2400 77 77 76 72 72 80 86 84 86 82 83 79

Mean 73 73 72 66 62 69 74 75 78 75 79 79

Mean Water
Vapor Pressure

(MB) 2.5 ,2.8 4.6 6.0 7.9 11.7 11.7 12.9 10.8 7.0 4.9 3.3

Dew Point (oC) -19 ';"18 -9 -4 4 8 12 10 7 -1 -8 -15



Table 5.2

Monthly mean relative humidity versus pressure level above

International Falls, Period of Record, 1946-1955.

r·1onth

Pressure Jan Feb Mar Apr ~ June ~ Aug Sept Oct Nov Dec
71 75 70 66 66 73 79 83 112 16 81 n

casn 71\ 14 64 SQ 58 M M 60 11 67 18 7T

qOO 73 7;> 65 lie 59 6] 6b 157 67 64 16 73

850 66 M b3 SCI 62 «11 68 67 e, 60 69 66

lion ";1 In 5" SR 63 6ft .,4 61 n 56 63 io

"0 58 I\f, ~ 5~ 'A 64 57 '6 '5 51 59 55

'00 511 a.4 5) ~ 55 5f! • 50 . 51 50 49 56 51

Mn 54 " 5' 57 51 5? 4! 46 49 I.! 57 49

1100 54 1\1 50 !H 48 4! 43 41 41 46 49 'oil

550 54 !H 50 51 45 . 46 40 3O 44 44 4Cl 48

..no 53 "50 4e so 42 4' 37 31 41 43 46 411

4'0 53 48 4C1 49 4' 42 )5 35 41 43 48 loB

400 " ~O 51 .8 4' . 42 36 34 40 ..., 47 49



ANNUALNOV DECOCTSEPAUGJUL

Tabl~ f).1
AVERAGE MONTHLY PRECIPITATION fOR THE SITES INDICATED

(Millimeter Units)

-Month-
MAR 'APR MAY JUNFEBJANSite

24.0 21.4 34.8 46.2 76.0 79.9 91.8 108.3 84.2 52.7 48.1 26.4 691.2

33.3 31.4 47.2 54.8 77.0 87.1 100.2 115.3 86.7 54.6 56.6 36.3 776.2

Duluth Harbor

Duluth Airport

Two Harbors

Beaver Bay

Grand Marais

Island lake

Brimson

28.6 17.3 42.9 43.4 88.2 81.9 91.2

54.8 35.1 51.6 67.6 63.8 69.6 80.8

26.1 26.3 37.1 52.4 76.0 78.6 95.1

30.6 20.0 32.3 49.3 75.2 88.3 105.0

26.5 23.5 42.9 55.7 70.2 90.6 96.0

98.8 92.9 54.6 52.0 34.3 729.5

75.9 82.6 49.3 30.7 36.1 697.7

76.5 96.0 52.0 50.5 30.2 714.6

97.6 90.4 51.8 45.9 29.2 701.6

99.9 87.9 53.9 47.8 32.3 726.9

Meadowlands

Cotton

Whiteface Reservoir

Isabella

19.5 16.2 29.7 55.7 73.5 89.0 107.1 96.1 85.6 50.1 42.5 25.1 689.6

20.0 15.9 28.2 52.6 75.0 88.5 104.1 101.4 80.8 52.4 45.0 26.2 689.6

26.5 22.5 36.3 54.8 70.7 85.2 103.5 95.6 80.8 52.2 45.3 30.2 703.4

26.5 25.9 41.1 58.4 79.7 99.3 103.5 95.6 89.8 63.2 50.2 32.2 768.1

25.6 18.7 28.2 43.8 67.7 91.8 110.9 122.2 83.4 44.9 33.7 29.7 693.2

22.9 21.8 26.6 50.6 72.5 93.7 130.3 92.1 92.6 50.9 38.6 26.9 714.9

27.4 29.7 33.0 50.6 77.5 98.8 130.9 91.5 92.9 58.0 40.1 30.2 751.7

Gunfl lnt lake

Hoyt lakes

Babbitt

Winton

Tower

Virginia

Hibbing Airport

Hibbing

Celina Twp.

Crane lake

International Falls

33.6 26.9 26.8 54;2 76.0 76.7 98.7

24.5 22.8 32.5 50.9 81.0 93.7 106.8

23.4 20.0 29.2 48.7 73.0 98.1 103.8

23.8 21.1 29.7 41.4 72.5 88~3 114.5

28.6 26.3 36.8 55.3 88.5 102.1 116.0

23.4 17.3 30.7 49.8 75.2 101.9 97.5

16.3 14.8 35.1 41.6 70.2 88.5 101.7

26.1 22.8 36.3 58.8 87.5 106.3 121.7

72.1 132.2 56.5 58.8 34.3 744.1

95.3 87.3 62.5 38.0 27.2 724.0

97.9 94.9 61.7 46.8 28.2 726.4

88.3 93.5 56.5 41.0 25.6 693.5

93.0 96.6 64.7 45.6 30.2 785.4

91.2 85.6 57.2 35.8 24.4 689.8

86.3 80.3 48.6 29.7 19.0 632.2

93.0 96.3 62.7 44.7 34.5 793.7



Table 6.2

Rainfall amounts in inches for various return periods and

durations.

. dReturn perlO , years
f.. ~

Duration 2 10 25 50
'.

30 minutes 0.8-0.9 1.2-1.4 1.3-1.6 1.5-1.8

1 hour 0.9-1.2 1.5-1.8 1.7-2.0 1.9-2.2

6 hours 1.6-1.8 2.4-2.7 2.8-3.1 3.1-3.4

12 hout"s 2.0-2.2 2.9-3.2 3.3-3.8 3.6-4.1

24 hours 2.3-2.5 3.4-3.7 3.9-4.3 4.3-4.6



Table 6.3

Heaviest rainfalls observed for various time intervals
at International Falls, Minnesota

Time Interval Year Amount (mm) Rate (mm/min)

5 minutes 1953-1961 20.3 4.06

10 minutes " 26.2 2.62

15 minutes " 29.0 1.93

30 minutes " 34.0 1.13

1 hour 1946-1961 36.8 0.61

2 hours " 54.6 0.46

3 hours " 68.1 0.38

6 hours " 68.3 0.19

12 hours " 74.7 0.10

24 hours " 122.4 0.085

SOURCE: Maximum Recorded United States Rainfall, National Weather
Service, 1967.



TABLE 6.4

Past Record of Precipitation Events when Total Rainfall

Exceeded 70 mm.

DATE PRECIPITATION, mm.

October 8, 1949 91.9

June 8, 1968 91 .4

September 3, 1953 84.6

July 28, 1940 81.5

August 30, 1924 81.5

August 25, 1959 76.2

August 28, 1936 74.9

September 19, 1925 72.4

September 12, 1930 71 .6
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Table 6.5 Monthly Precipitation Statistics, Babbitt, Minnesota (1921-1976)

(Values in f1illimeters)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

Long-term average 23.4 20.0 29.2 48.7 73.0 98.1 103.8 97.9 94.9 61.7 46.8 28.2 726.4

% of annual
precipitation in
month 3.2 2.8 4.0 6.7 10.0 13.5 14.3 13.5 13.1 8.5 6.4 3.9

% of annual total
by end of month
from Jan 1 3.2 6.0 10.0 16.7 26.7 40.2 54.5 68.0 81.1 89.6 96.1 100.0

% of annual total
by end of month
from May 1 86.4 89.2 93.3 100.0 10.0 23.5 37.8 51.3 64.4 72.9 79.3 83.2

Wettest 72.1 49.3 66.8 109.5 149.1 278.9 185.7 212.9 214.4 181.6 83.1 65.0 954.3

Year 1969 1939 1966 1968 1930 1944 1935 1928 1925 1971 1965 1968 1928

Driest 0 1.5 2.3 1.3 7.5 23.9 30.0 15.0 7.4 11.2 5.6 4.1 416.8

Year 1947 1928 1959 1944 1976 1956 1964 1976 1948 1938 1921 1940 1923

, Decade Average:

1921-1930 14.0 14.2 22.9 34.8 58.2 97.5 107.7 88.6 119.4 37.8 30.2 21.3 646.7

1931-1940 21.3 17.0 24.4 43.9 82.8 102.6 86.4 95.3 77.5 51.3 41.9 21.1 665.7

1941-1950 21.8 12.7 23.1 51.3 83.1 137.2 98.3 113.8 86.1 53.3 30.2 20.1 730.8

1951-1960 20.8 18.0 26.2 52.1 76.2 97.3 107.2 107.7 80.8 43.9 42.9 23.9 697.0

1961-1970 22.1 14.2 29.7 66.8 80.3 113.5 85.3 86.1 100.6 67.6 38.9 31.2 736.1

1971-1977 23.1 17.8 32.8 33.3 58.2 105.7 89.9 93.0 72.1 83.8 37.8 22.6 674.9

1921-1976 20.9 15.9 26.1 48.0 74.1 109.2 96.2 97.7 90.6 54.3 36.9 23.4 693.3

~
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Table 6.6 Monthly Precipitation Statistics, Virginia, Minnesota (1894-1976)
(Values in Millimeters)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR

Average 23.4 17.3 30.7 49.8 75.2 101. 9 97.5 91.2 85.6 57.2 35.8 24.4 689.9

3.4 2.5 4.4 7.2 10.9 14.8 14.1 13.2 12.4 8.3 5.2 3.5

3.4 5.9 10.3 17.5 28.4 43.2 57.3 70.5 82.9 91.2 96.5 100.0

85.9 88.3 92.8 100.0 10.9 25.7 39.8 53.0 65.4 73.7 78.9 82.4

Wettest 83.8 76.2 97.3 142.2 173.0 236.5 240.0 257.6 254.8 177.8 143.3 69.3 1087.9

1897 1897 1894 1896 1896 1944 1905 1900 1900 1970 1909 1903 1905,
Driest 0.8 2.0 3.8 0.5 6.3 8.9 16.5 15.0 7.4 5.6 2.0 3.3 408.7

1957 1957 1900 1926 1917 1910 1939 1976 1948 1923 1916 1954 1976

Period Averages:

1894-1930 21.3 19.1 29.5 43.2 75.9 103.4 105.4 92.2 96.3 57.9 31.2 25.4 700.8

1931-1952 25.1 18.3 34.8 54.4 68.3 98.3 86.9 98.0 73.1 53.8 43.7 24.1 678.9

1894-1960 22.6 18.3 30.7 47.8 74.9 99.8 101.1 94.0 87.6 54.6 37.3 24.4 693~2,
1960-1976 26.2 12.7 30.7 57.4 76.2 110.5 83.1 80.0 77.5 67.6 29.7 24.4 67L6

"



Table 7.1. Freeze dates and duration of ice on Copper-Nickel
Study Region lakes.

Ponds, Small Lakes

Medium Lakes

Large Lakes

FREEZETlME

November 5-April 20

November 15-April 25

November 25-April 30

DURATION

166 days

161 days

156 days



Table 7.2

MONTH

April

May

June

July

August

September

October

Season

Mean .. monthly pan evaporation values for Hoyt Lakes.

PAN EVAPORATION (mm

75

112

138

161

127

72

40

725



Table 7.3. Hean annual actual evaporation. considering
the' freezing of lake surfaces.

(Millimeters)

Ponds, Small Lakes

Medium Lakes

Large Lakes

PAN E UIVALENT

677

669

662 .

LAKE EVAPORATION

474

468

463



Table 8.1. Average monthly and annual snowfall
(Millimeters)

OCT NOV DEC JAN FEB MAR APR MAY YEAR

Virginia 23 255 276 283 215 260 122 12 1446

Babbitt 40 198 256 251 172 220 107 10 1254

Winton 63 168 252 283 215 228 91 10 1310

Isabella 47 251 315 370 226 256 229 20 1714

Hibbing 16 145 252 236 144 251 145 5 1194

Table 8.2. ReelrJrd snowfall data from Babbitt area

NUMBER OF DAYS WITH
A FALL OVER 125 rom HEAVIEST FALL IN MONTH

MONTH 1921-1976 (in millimeters)

September 0 25

October 4 203

November 7 254

December 7 178

January 4 178

February 4 254

March 13 406

April 8 302

May 1 191

June 0 102



Table 9.1. Greatest recorded depth of snow on
ground (millimeters/year).

MONTH BABBITT WINTON

October 241/(1932) 127/(1919)

November 533/(1965) 508/(1965)

December 635/(1965) 483/(1965)

January 1270/(1969) 991/(1916)

February 1320/(1969) 1016/(1916)

March 914/(1971) 965/(1916)

April 762/(1971) 1737/(1971)

May 76/(1966) 51/ (1966)

Table 9.2. Least recorded depth of snow on ground
(millimeters/year).

MONTH BABBITT WINTON

October 0 0

November 0 0

December 0 0

January 25/(1932) 76/(1915)

February 0 102/(1917)

March 0 0

April 0 0

May 0 0



-Appendi x I

Historical Weather Stations -- Northeast Minnesota

Site

Babbitt*

Brimson

Crane Lake

Cotton

Ely

Grand Marais

Hibbing

Hi bbi ng-r~ahoni ng

Hibbing Airport *

Hoyt Lakes *

Parameter

TP

TP

P

P

P

P

T.

TP
TP
TP
TP
TP

TP

TP
TP
TP
TP
TP
TP

P

TP

TP+

TPE

Period of Record

Feb. 1, 1920-Sep. 10,1951
Sep. 11, 1951 - Present

Aug. 1, 1923 -Present

Jan. 1, 1926 -Sep. 30, 1927
Oct. 30, 1942 -June 3, 1947
June 4, 1947 -Present
Oct. 1, 1961 -Present

Aug. 21, 1962 -Sep. 30, 1963
Jul. 2, 1964 -Nov. 30, 1967
Jul. 26,1968 -Jan. 31,1971
Sep. 4, 1971 -Aug. 29, 1975
Sep. 1, 1975 -Present

~1ar. 1,1911 -Oct. 31, 1913

May 1,1900 -July 31,1902
~1ay 13, 191 3 - Dec. 22, 191 3
Aug. 13, 1914 -Apr. 30, 1915
Aug. 23, 1915 -Aug. 31, 1915
Aug. 21,1916 -Jan. 31,1921
Aug. 11, 1921 -Present

Dec. 1,1923 -Present

Dec. 1, 1920 -Apr. 30, 1962

Nov. 1,1962 -Present

Mar. 1,1958 -Present

Observer

Mesabi Iron Co.
Reserve Mining Co.

MP&L

l~.G. Randolph
U.S. Customs
DNR
DNR

Reynold E. Syria
Hugh Wilson
Bruno Lasko
Henry Moberg
Roy Tarbell

W.H. Farrell and J.Wista

2 observers
3 observers
2 observers
C.G. Strikler
J. Woods
Many observers
(Glenn Bergstrom,1978)

MP&L

Mahoning Ore &Steel Co.

U.S.F.A.A.

Erie Mining Co.



· Appendix I cont'd.

Isabella P Dec. 1, 1925 -June 30, 1928 Sophia Russka
Isabella FS TP Aug. 1, 1957 -Present U.S.F.S.
Isabella Elc * TP Feb~- 1 , 1975 -Present ELC Staff

Stephens r~ine * TP Nov. 9, 1906 -~1ar. 31, 1914 Oliver Mining Co.

Tofte P Nov. 7, 1942 -Present USFS

Tower* TP Jan. 1, 1895 -Present Many observers
A few breaks

Wales P Apr. 3, 1936 -May 26, 1941 USFS
P Oct. 20, 1943 -June 10, '1946 A.H.Gillson

,p June 10, 1946 -Present ~1abel Larson

Virginia * TP Sept. 1, 1910 -Present :Oliver Hining Co.

Whiteface Res. P Aug. 1, 1923 -Present MP&L

Winton * TP Nov. 1, 1913 -Mar. 31, 1920 Several observers
May 10, 1940 -Present Power plant

T = Temperature, Max. and Min.
P = Precipitation, daily. Often with snow, snow depth, and time of precipitation

occurrence, depending on discretion of observer.
+ = Complete hourly aviation weather observations
E = Evaporation
* Stations-considered to have better records
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APPENDIX II

Explanation of Wind Roses

The wind roses are plotted on polar coordinate paper where the radials are

direction from which the wind blows and the concentric circles are percent

frequency of wind. occurrence on each of 36 radials. On the monthly and

annual wind roses envelopes are drawn for 1~ meter per second (wind speed).
intervals, while on the 10-day wind roses, only the total frequency of

occurrence envelope is drawn.

To make the annual and monthly roses, points were pl,atted along each r'adial

corresponding to the observed percent of time that the wind came from the

corresponding direction for velocity intervals of 1.5 meters per second .

•The distance from the data point to the origin represents the percent of

. time that a wind from a certain direction blows at a given speed or less.

The distance between the points along the radial is the percent of time that

the wind blows from the indicated direction in the speed category defined

by the speeds represented by the two points.

Except for speeds of 1.5 meters' per second, lines were drawn connecting

points representing equal speeds at 1.5 meters per second speed intervals

around the 360 degree arc. The data points are obscured by the lines

drawn over them. The first solid line from origin represents 3 meters per

second; the first dashed line 4.5 meters per second; the second solid line

6 meters per second; the lone hash line 7.5 meters per second; the third

solid line 9 meters per second; the second dashed line 10.5 meters per

second; the fourth solid line 12 meters per second, etc. In most cases,

winds over 10.5 meters per second are so rare that the lines may seem to merge.
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APPENDIX III

TemRerature and Precipitation Data for Babbitt

The data in this appendix were compiled from the original Babbitt records

by Ms. Susan Richter under contract to the author. The data were computer

analyzed by Or. Donald Baker and Mr. John Enz of the Soils Science

Department of the University of Minnesota, whose cooperation is gratefully

acknowledged.

Temperature values.are in degrees Fahrenheit, and precipitation values

are in inches.

In the computer analysis no correction was made for mean temperature and

mean maximum-minimum temperature error due to observing time. The correcti'on

values for mean maximum temperature for each month appear at the top of the

monthly columns on pages 1 and 2 of the appendix .. These correction values

were derived from a model devised by the author. In the model, no observing

time correction is applied to the minimum temperature. The correction to

the average daily, weekly, or monthly temperature is equal to one-half the

correction value for mean maximum temperature. In all cases for Babbitt,

the correction value is to be subtracted.




